Abstract -Intermittent access to improved urban water supplies is a large and expanding global problem. This paper describes 16 supply enhancement and 23 demand management actions available to urban residential water users in Jordan to cope with intermittent supplies. We characterize actions by implementation, costs, and water quantities and qualities acquired or conserved. This effort systematically identifies potential options prior to detailed study and shows that water users have significant capacity to affect demand. We suggest several methods to evaluate options and highlight the need to include local water management decisions in integrated water resources management and planning at utility and regional scales.
INTRODUCTION
Over a billion people have limited or intermittent access to improved water supplies characterized by long distances to sources, frequent and regular service disruption, and increased costs. Intermittent service is often linked to water-borne diseases, uncertain and inadequate sanitation services, and environmental degradation. Intermittent service has many causes, including rationing to meet demands; polluted sources; inadequate storage, treatment, or distribution systems; or population growth exceeding the rate of new water resources and infrastructure development (Thompson et al. 2001) . June 17, 2008, Manuscript #05079 p. 2 Considerable integrated water resources management (IWRM) work has focused on redressing causes of scarce water resources with efforts typically focused at transboundary, national, basin, or water utility scales (Dziegielewski et al. 1992; Fisher et al. 2005; Scott et al. 2003; Wilchfort and Lund 1997; Wolf and Murakami 1995) . The starting point is to identify a wide variety of actions that increase supplies, improve qualities, decrease demand, or alter demand timing to improve system performance. Then characterize actions by costs, benefits, and quantities and qualities of water provided or conserved. Finally, use systems analysis to develop a mix of cost-effective and waterefficient actions that improve service levels and reliabilities given physical and institutional constraints. This paper describes many water supply enhancement and conservation actions available to urban residential water users facing service disruptions in Jordan (Table 1) and discusses how users have significant ability to regulate system-wide demands. User actions are characterized by implementation, cost, water volume gained or conserved, and affected water quality. Jordan is a relevant case as water is generally available through the distribution network only 12 to 60 hours per week (Abu-Shams and Rabadi 2003), most households desire improved supply access, and the government is considering cityand national conservation efforts plus mega-supply projects to improve water availability.
Systematically identifying and characterizing potential water user actions is an important first step prior to more detailed modeling, analysis, and planning at household, city, and regional scales. June 17, 2008, Manuscript #05079 p. 3
GLOBAL SCOPE OF INTERMITTENT WATER SERVICE
Approximately 82% of the world's people have access to improved water service with some 816 million persons acquiring access since the 1990 assessment (WHO and UNICEF 2000) . Here, "improved service" means a household connection, public standpipe, borehole, or protected spring, dug well, or rainwater catchments. However, the assessment did not consider the distance to the improved source nor the hours per day (or per week) that water is available. Many populations worldwide have access to improved water sources for less than 12 hours per day (Table 2) . Table 2 is only a partial listing and excludes many large countries for which data are not readily available. Table 2 also reports average water availabilities for cities and neglects inequities within a city between neighborhoods or apartments in buildings. The potential water quality, public safety, economic loss, public nuisance, and large number of persons affected make intermittent water supplies a major global problem.
URBAN RESIDENTIAL WATER USE AND SERVICE IN JORDAN
As seen in Table 2 , Jordan has one of the least frequent water availabilities. Jordan's annual consumption of 1 BCM per year far surpasses annual renewable freshwater surface and groundwater supplies of 850 MCM/year (groundwater overdraft covers the deficit). Water consumption is split among agricultural 69%, urban 27%, and industrial uses 4% (Alkhaddar et al. 2005 Scarcities will likely worsen as Jordan's population grows at 2 to 3% per year.
Municipal Water Service to Residential Customers
Municipal piped water is the primary supply for most Jordanian households. In Amman, Table 3 for summaries; Rosenberg (2008) ). Rates include all water and sewage charges, meter reading and pumping fees. Outside Amman, households pay a JD 200 one-time connection fee, the same surcharge for excess floor area, and lower metered rates. Figure 1 shows a Jordanian household's typical water sources and uses. Because municipal supply is intermittent and rationed, most households store water in roof tank(s). Households may also store water in ground tank(s) or a cistern. The roof tank is the primary means of continuous, gravity-flow distribution to water fixtures in and We report financial costs as the average, highest, and lowest price quotes from interviews and surveys. We report the effective quantity as either a (i) number (i.e., storage tank volume), (ii) range based on physical upper and lower limits (i.e., total capacity to store water and draw water from storage), or (iii) the estimated 10 th and 90 th percentiles of the effectiveness distribution derived for Amman households (Rosenberg 2007) .
Household Water Infrastructure and Uses

Supply Enhancement Actions
Long-term supply actions
Long-term actions establish the infrastructure of water supply.
Connect to network. Households pay a one-time fee to access the piped water supply with low unit cost. Households differ in their assessments of municipal water quality. Nearly all households use network water indoors for washing and hygiene and outdoors to irrigate landscaping or wash cars. In Amman, only a few households use municipal water untreated for drinking or cooking. Outside of Amman, the percentage is larger.
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Install storage tanks on roof. Households typically install roof water tanks to store water when it is available through the municipal network or purchased from a private tanker truck. Roof tanks are either plastic or of welded thin galvanized metal, from 1 to 2 m 3 , and purchased at local metal shops. Price depends on metal thickness, workmanship quality, and shop owner's flexibility to negotiate. Households use water stored in a tank and municipal water similarly.
Install storage tank at ground level. Homeowners frequently install additional groundlevel water tanks to store more water when it is available. Ground tanks are identical to roof tanks in construction and cost, but require a 1 to 2 hp pump to transfer water to roof tank(s). Households use water stored in a ground tank and municipal water similarly.
Install cistern. Homeowners can install cisterns or underground tanks larger than 13 m 3 to store rainwater or municipal water. In Jordan, cisterns are either pre-existing plaster-lined excavations in the underlying limestone [a 3000-year old technology (Wahlin 1995 Collect and reuse grey-water. Collecting grey-water from showers, faucets, and laundry machines and reusing it outdoors to irrigate landscaping or olive, fruit, or nut trees is expanding in Jordan (Bino et al. 2000; CSBE 2004; Faruqui and Al-Jayyousi 2002) .
Some households also reuse water indoors to flush toilets or wash floors. Households apply well water for all uses.
Install in-home water treatment. Homeowners can purchase water treatment units (filters, reverse-osmosis membranes, and ultraviolet disinfection lights) throughout Amman that fit under the kitchen sink and produce up to 180 liters per day of treated water. Price excludes additional annual operational and maintenance costs to replace filters, membranes, and lamps. Most units generate saline waste streams and require raw water inputs up to four times the volume of treated water generated. This treated water is an expensive but reliably high quality source used exclusively for drinking and cooking.
Short-term supply options
Short-term supply actions can be implemented when needed or in response to particular events. They require no advance planning (unless conditioned on long-term infrastructure discussed above).
Take delivery through public network. The Amman water utility charges residential users with established connections for their metered water consumption quarterly by the prices in Table 3 . This water serves most uses but is only available intermittently.
Buy from water store. Since 1998, more than 180 retail outlets in Amman are registered and licensed with the Ministry of Health to sell potable water (Fitzgerald 2005 Treat water inside home for drinking. Homeowners can boil water on gas kitchen stoves to treat water to drink. This water is routinely served as tea or coffee. Preparation costs depend on fuel price (2 -3 JD per tank), time tank lasts (1 -4 months), fraction of time the stove is used to heat water as opposed to other cooking tasks (0.4 to 0.6), and daily quantity of water consumed (5 -15 liters per day).
Store water. Homeowners can store excess water in ground tanks or a cistern for use later. There is negligible cost when water is delivered by gravity. Quantity is limited by storage capacity and available sources. Quality depends on source (households tend not to consider storage as degrading quality; they clean cisterns annually).
Draw water from storage. Homeowners also pump water from storage to the roof for distribution and use during a crisis or when needed. Cost depends on the water volume drawn and pumping lift. Quantity is limited by water storage capacity. Quality depends on the original source (see store water above).
Demand Management Actions
Demand management actions reduce the quantity or alter the timing of household water use. Water volumes conserved vary among households and depend on many household geographic, demographic, technologic, and behavioral factors. (Rosenberg 2007) . As many of the uncertain parameters influencing effectiveness and for which empirical data is available (Rosenberg 2008 ) are functionally multiplied together, effectiveness tends towards a lognormal distribution with significant skew towards a few households that can achieve large savings (Rosenberg 2007 ). Effectiveness ranges (Table   4 , column 6) are the estimated 10 th and 90 th percentiles of the effectiveness distribution among Amman households. Maximum coverage (column 7) indicates the percentage of households with effectiveness exceeding zero and suggests the potential market penetration rate. Below, we describe actions by implementation and affected water uses.
Long-term demand management actions
Long-term demand management actions represent infrastructure modifications and must be taken well in advance of reductions in household water use. 
Short-term demand management actions
Households can implement short-term actions to immediately reduce water use.
Install bottles in toilet tanks. Homeowners can insert used, filled plastic bottles into western toilet tanks to reduce flush volume. Implementation costs are negligible.
Alternatively, homeowners can lower the level of toilet flush mechanisms.
Find and fix leaks. Homeowners search for leaks and fix them when they are detected.
Homeowners can hire a plumber. Water savings depend on household water pressure, leak size, and leak duration before repair. Modify water use behaviors. Households can also temporarily modify water-use to reduce indoor consumption for washing and hygiene or outdoor use for irrigating and car washing as listed in Table 1 . costs for these behavior changes are difficult to estimate.
Yet, estimated water savings can be significant. Further work should empirically verify estimated water savings and market penetration rates for conservation actions, investigate household tradeoffs for costs and risk tolerance to different levels of service or access, and aggregate effects of user choices on water use.
DISCUSSION
These aggregate effects will have implications for IWRM at wider utility and national scales, particularly city and national conservation efforts and the planning, sizing, and timing of mega new-supply projects such as pipelines and desalination. For example, Jordanian government plans to expand Zai treatment plant capacity, bring the ZaraMa'een desalination project online, and build the Disi-Amman conveyer and Red-Dead
Canal with hopes to move some or all of Amman towards continuous piped supply.
Further, conservation efforts to reduce distribution system leaks, curtail illegal connections and non-revenue water losses, enact laws specifying water-related plumbing and building practices for new construction, introduce demand management concepts in schools, and promote WSDs. User choices and their effects can shape education and awareness campaigns, suggest rebate amounts or tax credits to motivate customers to p. 17 adopt water conservation technologies, or highlight inefficient water use practices to change with technology development programs or plumbing code modifications.
Identifying and characterizing potential water user actions is a key first step to successful IWRM at household , city (Wilchfort and Lund 1997) , and regional (Fisher et al. 2005; Rosenberg 2008 ) scales.
CONCLUSIONS
Intermittent water deliveries are a major global problem. In Jordan and other countries, water users can adopt a wide and complex range of supply enhancement and demand management actions to improve performance or better cope with local water service conditions. Actions involve different financial costs, inconveniences, water volumes gained or conserved, and associated water qualities. These characteristics can vary significantly among individual users. Users need only implement some actions for short time periods to respond to particular service disruptions or shortages whereas other actions require significant long-term capital investment and prior planning. Identifying and characterizing available options is important before water use efficiency evaluation (Dziegielewski et al. 1992 ) and systems analysis.
Individual water users make most water management decisions. These analyses can help identify cost-effective, water efficient actions, clarify interactions among potential management actions, develop strategies for individual water users, and summarize the aggregate affects of decentralized water user decisions. Understanding the aggregate effects of water user decisions is key to successful IWRM at utility, regional, and national scales. 
